The effects of anion types and concentrations on hydraulic properties should be understood in order to model mean soil pore diameter in reactive soils subsequently develop guidelines as an indicator of soil structural stability for sustainable land application of wastewater. Thus, a laboratory experiment was carried out during 2011 in Soils Dept., Faculty of Agric., Mansoura Univ., Egypt, by using an alluvial loamy soil to study the relationship between saturated hydraulic conductivity Ks and mean soil pore diameter (MPD) under three types of sodium salts [0, NaCl, (Na)2SO4] and three rates of nitrogen fertilizer as ammonium sulfate (ASF) [0, 100, 150 Kg fed -1 ]. The obtained results illustrated that the structural degradation is a function of electrolyte concentration, sodicity and the combined anion of sodium salts. According to that, all the treatments caused a decreasing in MPD subsequently decreasing in the saturated Ks. Correlation coefficients and regression equations were developed to study the dependence of Ks on some physical parameters (MPD and ρb) in studied soil. The mixed NaCl and ASF treatments were the most effective on decreasing MPD and Ks as compared to control, as a result to the specific effect of chloride anion.
INTRODUCTION
One of the major concerns in irrigated agriculture is the maintenance of sufficiently high soil permeability for salinity control. The indices of soil permeability are hydraulic conductivity and infiltration rate. Soil water movement is always from points of higher potential energy to points of lower potential energy. The rate of movement is controlled by both the potential energy gradient (the ratio of the change in total potential over distance), that exists and by the hydraulic conductivity of the soil. The hydraulic conductivity at any point is a function of the soil's pores, particle size distribution, mean pore diameter, arrangement of the pores, total porosity and degree of saturation.
In addition, soil hydraulic conductivity depends on composition of the exchangeable and soluble cations and concentration of the electrolytes in the soil solution (Quirk and Schofield, 1955) . Ks decreases exponentially when the degree of saturation decreases from 100%. This phenomenon occurs because those pores continuing to contain water contribute to flow. According to the law of capillarity, large pores will be the first to drain, the large, interconnected pore spaces are responsible for majority of a soil's hydraulic conductivity. In soils with a pore-size distribution that is skewed towards the larger pore diameters (e.g. sandy soils), the Ks drops very quickly when subjected to a small capillary tension. A soil with the same porosity, but dominated by micropores (e.g. clay soils), have a higher relative conductivity at that capillary tension, since the majority of its pores will resist desorption until a much higher tension is experienced. Soils midway between these two extreme often exhibit high values of both saturated and unsaturated hydraulic conductivity. Also, the Ks decrease with the increase of ESP, SAR (McIntyre, 1979) and the decrease of total electrolyte concentration (TEC) of the soil solution. This reduction in Ks has been attributed mainly to swelling and dispersion of the soil clays (Quirk and Schofield, 1955; Suarez et al. 2006 and Bardhan et al. 2007 . NaCl salt solution in soil caused a decrease in Ks with decreasing salt concentration. These decreases could be attributed to decrease in diffuse double thickness as described by Mishra et al. 2006 .
Pores can be defined as a function of the aggregate structure organization (Libardi, 2005) and classified as: (a) cryptopores or residual pores related to the intra-aggregate arrangement and particle type (clay, oxides), where hygroscopic water is highly bound by molecular attraction (sorption) (pore diameter d < 0.2 μm), (b) micropores where capillarity forces are predominant (0.2 < d < 50 μm) and (c) macropores where the water flow occurs by convection due to gravitational forces (d > 50 μm); micropores and macropores depend on the inter-aggregate arrangement. Soil pore volume as well as pore size, shape, type, continuity and lateral drainage of water by gravitational forces occur through the large noncapillary soil pores, but redistribution and upward movement of water occur through the capillary soil pores. (Abdel-Monem et al. 2009 ). In addition, Gonçalves et al. 2010 . illustrated that the irrigation with treated wastewater (sodic waters) modifies the soil pore size distribution and pore mean diameter by slightly increasing macroporosity (pore diameter higher than 50 μm) and decreasing microporosity (0.2-50 μm). The cryptoporosity (< 0.2 μm) increased due to the high Na + concentration in small pores that causing expansion of microaggregates. This indicates that the study of mean soil pore diameter may be a reasonable approach to detect changes in the soil physical properties.
Hence, this investigation was conducted to study the changes in hydraulic conductivity as a function of mean soil pore diameter of alluvial loamy soil under mixed sodium salts and rates of ammonium sulfate fertilizer.
MATERIALS AND METHODS
This experiment was conducted at laboratory of Soils Dept., Faculty of Agric., Mansoura Univ. There were nine treatments, replicated twice, involved three types of sodium salts (S) [0, NaCl, (Na) 2 SO 4 ] at 0.4% concentration and three rates of nitrogen fertilizer as ammonium sulfate [(NH 4 ) 2 SO 4 , 20.6 N%] (F) (0, 100, 150 Kg fed -1 ), as the following S 0 F 0 , S 0 F 1 , S 0 F 2 , S 1 F 0 , S 2 F 0 , S 1 F 1 , S 1 F 2 , S 2 F 1 and S 2 F 2 , recommended doses of P and K were added to each treatment.
Potassium sulfate fertilizers (40% K) and calcium super phosphate (7% P) were added as a recommended dose for corn crop with rates of 41.5 kg K fed -1 and 30.5 kg P fed -1 . The studied soil was air dried, grinded and passed through 2 mm sieve. Some physical and chemical properties of the experimental soil are presented in Table 1 . The analyses of studied soil before applying any treatments and after the experiment were done as the following determinations: Particle size distribution and total carbonate (CaCO 3 %) were determined as described by (Piper, 1950 (. Saturation percentage (SP) and field capacity (FC), soil pH and total soluble salts were determined by (Richards, 1954) . Bulk density was determined by (Dewis and Freitas, 1970) while, particle density was determined according to (Black et al. 1965) . Porosity (E%) was calculated according to (Hillel, 1980) . Organic matter content, amounts of the soil soluble ions and soil available potassium determined by according to (Hesse, 1971) . Ammonium nitrogen (NH 4 + ) and nitrate nitrogen (NO 3 -) were measured according to (Bremner and Keeney, 1966) . Soil available phosphorus was determined colorimetrically using ascorbic acid as described by (Van Schouwenburg and Walinge, 1967) . Saturated hydraulic conductivity of soil columns was determined using the constant head premeater in disturbed soil (Singh, 1980) . 
RESULTS AND DISCUSSION

The Bulk Density and Mean Soil Pore Diameter
The influence of mixed sodium salts and ASF on the bulk density (ρb) and mean soil pore diameter (MPD) of the studied soil are given in Table 2 and Figs. 1, 2 and 3 . It is evident that the mixed [NaCl, ASF] and ASF without salts causes a pronounce decrease in MPD as compared to control (S 0 F 0 ). These decreases recorded 8.38, 32.87 and 33.92% for mixed [NaCl, ASF], 12.32 and 22.18% for ASF without salts. In contrast with mixed [(Na) 2 SO 4 , ASF] records a decrease followed by an increase in MPD with the increasing of fertilizer rate, but still lower than the control. These rates of decreases were 33.00, 18.75 and 11.99%. Also, all the treatments cause a slight decrease in ρb as compared with control (S 0 F 0 ). 
The hydraulic conductivity
The hydraulic conductivity depends jointly on the attributes of the soil (i.e. total porosity, pore sizes distribution, tortuosity and soil's pore geometry) and of the fluid (i.e. density and viscosity). Thus, the differences in composition or concentration of soil solutes can greatly affect the hydraulic conductivity. The saturated Ks data of the studied soil as affected by addition mixed sodium salts and ASF are given in (Table 2 . and Fig. 1, 2  and 3 ).
Fig. 1: Some physical parameters of alluvial soil as affected by
NaCl and ammonium sulfate application. It revealed that the mixed [NaCl, ASF] decrease the Ks as compared to control. These decreases were 16.1, 54.9 and 56.3% lower than the control (S 0 F 0 ), while, the application of mixed [(Na) 2 SO 4 , ASF] causes a decrease followed by an increase in Ks. These decreases recorded 55.1, 34.0 and 22.5% lower than the control (S 0 F 0 ). On the other hand, the effect of using ASF without salts causes a decreasing in Ks values with rates 23.1 and 39.4% lower than the control (S 0 F 0 ). It was noticed that the single effect of ASF on Ks values was higher than in mixed sodium salts and ASF.
Although, the addition of mixed salts and ASF caused a highly increasing in total electrolyte concentration, a decrease in Ks was recorded, this is attributed to the presence of Na + ions which decrease the permeability of soil through the swelling and dispersion of clays and the slaking of the aggregates. This result is confirmed with the work of Hanson et al. 1999 and Levy et al. 1999 . They found that the sodic soils are associated with structural changes that principally affect permeability of soils. If the level of Na + in the soil is high, the colloidal fraction behavior will be affected, and caused losses of structure which reduces the hydraulic conductivity.
The differences in the behavior of mixed sodium salts and ASF could be attributed to the associated anions in studied salt. The chloride (Cl -) is more hazard than sulfate ). Thus, the NaCl caused a very high decreasing in Ks values more than (Na) 2 SO 4 .
The linear regression analyses were used to describe effect of the relation between the bulk density and mean soil pore diameter on hydraulic conductivity. The correlation coefficients and simple regression equations between some studied physical parameters as affected by addition of sodium salts and rates of ASF presented in Table 3 . The obtained data were positively correlated and significant for all the treatments. The correlation coefficients between Ks and MPD were in the descending order ASF > (NaCl + ASF) > (Na 2 SO 4 + ASF) while, the correlation coefficients between Ks and ρb were in the descending order (NaCl + ASF) > ASF > (Na 2 SO 4 + ASF). In addition, the correlation coefficients between d and ρb was (NaCl + ASF) > ASF > (Na 2 SO 4 + ASF).
It is very clear that, there is a decrease in saturated Ks values as a result to the decrease in MPD and ρb. These decreases might be attributed to the increase of sodium salinity types. These results are in a harmony with those of (Park and O'connor, 1980 and Gouda et al. 1989) . They proved that sodium salinity types decreased the volume drainable pores (quickly and slowly). This might be due to the dispersion effect of Na + ions on soil aggregation and the companied of arrangement of the soil pores. Omer, 1984 stated that the sodic clay soil is poor in pores > 8.62 µ, and rich in pores < 8.62 µ. This indicates that mean soil pore diameter is not only depend on saturated hydraulic conductivity and bulk density, but also on soil properties i.e. dispersion, swelling behavior, and soluble and exchangeable sodium percentage of the soil.
Numerically, the Ks was low for the saline loamy soil but variability was very high. This is consistent with the results of Khan and Afzal (1989) , who showed that Ks was positively correlated with pores 1 to 33 KPa and was adversely affected by high electrical conductivity and SAR. The effect of clay type and content, exchangeable sodium percentage, and electrolyte concentration on clay dispersion and soil hydraulic conductivity was studied by Frenkel et al. (1978) . They found that plugging of pores by dispersed clay particles is the major cause in reduced hydraulic conductivity of montmorillonitic, vermiculitic and kaolinitic soils of SAR's of 10 to 30 and salt concentration of 0 to 10 meqL -1 . 
